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Cavity Shape and Beam Dynamics Design for a Linac for Pions*

G. Swain
Los Alarnos National hboiiitory

P. O. BOX 1663, MS H847
LOS Akirnos, NM 87545

Abstract

A Iirrac 10 accclcralc pions from 400 to 920 McV
kinetic energy is being designed as an cnhanccmcnt to lhc
LAMI]F accelerator facility at Los Alamos. Calculations for
the design of the superconducting cavity shape attcmpl to
rcducc the peak surface field nccdcd to achieve a given
accelerating gradient, yet maintain sufficient cell-to-cell
coupling to maintain field stability when microphonics or
other [uning errors arc prcscm. The beam dynainics design ha.;
the goal of getting the highest possible flux of pions in a
narrow momentum range at the cnd of the Iinac, In order to do
this, the dcst~n rakes into account the survivid fraction from
picrn dccr~, and oplirnixcs the acceptance of tic combination
of l.hc transport line from the pion production targnt to the
cmrancc of lhc linac and the Iinac itself.

1. INTRODUCTION

A proposed linear ~ccclcralor for pions (“Pilac”) would
cx!cnd the capabiliiics of the Los Al,unos Meson P}lysics
Filcility (LAMPF), Wlisc is to accclcratc pions from a ncw
target on lhc M)(I McV proton beam Iinc A. The pions arc to
bc accclcristcd from around 380 McV to kinc[ic cncrgics up to
I I20 McV, corresponding to a momcnturn of 1250 Mcv/c,
“1’hisproject has the goal of providing a flux of 109 pions per
sccom! al 920 McV (1050 Mcv/c momcnmm), The linac is 10
usc superconducting rf cavilics in order 10 provide Inrgc
npcrturcs nnd trnnsvcrsc acccplancc, nnd prorhcc high

accclcraling gmdicms without a large cost in rf power, Wc
have chosen X05 Ml {z as the opcru[ing frequency in order to
get Ihc ncccpkmcc wc need with cavities of prncticnl size.

CAVITY Sl!APr

our initial sludics of u.svily shapes for M)5 Ml It, c(msidcrtd

CiN’iliCS which had circulnr urcs for Ihc cnvily profile, bolh at
Ihc cavity waist und ul Ihc noses where cells Jnin, Wc did a
series 01 calcul.llions with vurious cell opcrlurcs nnd varinus
m)sc rndi i. “Ihc Iinc scgmcnls hclwccn waisl nnd n osc arm
were al 1() dcg Irnm Ihc vertical for nll UIscs, The ralios d
pmk surlacc field l{mnx 10 accclcrnlhlg grm!icnl 1!0’1’for these
shilpcs arc summarircd in ligurc I,

SIitrsmiucn[ly, wc IUSVCIooklx] nl Ci!viiics WIIII cllipticnl
now’s. live rxcs with Iwam npcrturcs Or13ml diumclcr [w

●WI)rk nuvp~~rlrd try l.ah~wntory l)lrrclcd Rrnrwrch and

I hcvI*l IIpIm.m fllnd~ lr(~m 1.~~sAIIUINM NIIIIIIIIHI l.ulwwatt~ry, IIIIIIIV

III(, mqmrw (I( Ihr 11,S. l@rIlmrIll ,Ir l{ncr~y,
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Figure 1. Peak surface fic{d pcr accelerating gmdicnt for
cavilics wilh circular noses for several values of Ixll. Io-
CCII coupling k.

Iistcd in Table 1. All of these USC(I ellipses wiih 2. I ril[io of
major [0 minor axes.

Table I
Coupling and WA Surfxc Electric and Magnetic Field

vs Elliptical Nose lMnjor Axis Lcnglh

Norm MA Coupling llmax/lItT llnmx/lW
(cm) (%) (A/’V)

23, I ,604 l,n31 4673,9
lx! 2.037 I ,X62 4157.7
16. 2.247 I ,920 ‘Jr)MH,’~
13. 2.619 2,030” 3772.2
Il. 2.910 2,164 30s21

For Ihc usvilics with circulor noses, lhc nlininlun~
LJnilx/EOT for 6,5 cm rildiu:, ilperlurc wits aboul 2. I3, nnd for
this, the tlOSC radius wus 3.5 cm and the coupling k \vils

I ,85%, W 11111!1) clliplicnl IIOSC, WC llilVC ICSS mcchntlicnl
slrcss, and for n majnr axis d 13cm,Em:lxfl!()’1’is bcllcr n!
2,03, rsnd Ihc coupling slrongcr nt 2,6%, This is Ihc

C(NlfigUrill ion Itlilt WC hilVC ChosCIl for I)il;w, SrC I:i}!llrc ?.

I.INA(” lxistm

1!1order It) (!Vlll UillC nllcmnlivc Iinnc dcsig]ls, W(’Iulvc
used u fi~urc Ormrril which is tlw pr(xlucl ortwo1111’t(ws:[ii)

bcanl llCCCpllltlCC 11!1(1(h) SUrVi Vill frnclion. ‘1’IIV slit vivlll

fraction Is Ihc l’raclion Orpi(mscnlcritlx Ihc Iinnc Illill Iulvc 1101
IWCI110s110 d(’cny hy IIICI{llICIhcy rcuch Ih(’ Iillil(’ C) i!, Wc
nrc usin~ IIN:tcrnl ncqMIIncc iII n spccinli?cd sctvw. NOIMl y,
onc t[tkcs It tt~IIICIIII IhC nrcn iII cn[wlty.ph:lw’ sp:{(x*N 1111~liltt

of k Iituw such thnl Ihr pnrlirhw nrc ;wrclcrmtl, smh 11$lh(~
Inrgcr d~~ltcd nrcn III I:iflutc :!. I:ot 1)111lmIl)osr, wc Iilh(’
11(’(’(’ptllIllX*10 Ill(’iIll IIIV arcn Ill ~llCIK)’l~ll:lW!il~;ll’{’1~11Wlll(’tl



thc pions arc within 1.5% full width momcmum spread (dpip)
around the desired energy at the exit of [hc iinac, a much
smaller area. Moreover, wc usc the energy-pki~c space at WC
pion production Iargct, not c.t the Iinac cmrarrcc.
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Phaaa d Llnae Entrancq dog

Wc wish 10 caplurc is bcnm pulxc ist ihc pion production”
wrgci hat is 80 ps I(mg. ‘lhc hum bunch 01 the prodtlctioll

twgct is skewed hy Ihc injcdion Iinc ill energy-ptmc space,
and Mcn rol:llcd hy Ihc linac. In or(icr 10 mdximifc Ihc

llCCCpllUICC, WC Choosr” lhC rf phtlscs of lhC ciwitics SUCh Ihill

Ihc bcnm bunch comes out rwrrow in cnqy widlh al the Iitum

cxil, Wc [Issulllc Illill Ihc ,Ollgilildilllll t rr~~loftheI)cilnlIinc
It(ml (I1cpion productiml mrgct 10 Ihc cnlr,ml’c to the Iitlilc Is

(1’’l)roxitllillc’ly CtlUiVilll*lll lo u drifl, nnd Ihc mpiivalttll drill
lrn~th for 380 McV is I 1 m,

Longitudinal Acceptance Optimization

Wc C}1OSCthe rf phmcs of the cavities in dlc Iintsc such its

10 optimize Lhc beam ucccptisncc. Wc used the cornputcr
program LIN03 to (lo this, I-IN(I3 divides a 40-cavity Iiniic
imo eight sections, und adjusLs Ihe phases of the sections, iilld

not each individual ciwily phase. The optimizwiorr is done itl
two stisgcs, m shown in Figure 5.

‘IIlc rf phmcs round by lhc op[irnizcr for lhc rcrcrcncc Iitli]l’

arc given in Tatslc II.

‘M)lc I1
I)csigti RI: I)llilscs

Scclinn l’!illlgC l)C\igll l))liL\C for

No. of (7ilVS, Sw[ion, dug

1, 3
4, 6
7, ()

10, 12
l!, lx
](), ~~

25, 30
31,40

-6X,()()
.2,049
-I H!23
-24.85
.5~,55
.,~,()().~
.~,uol
.(),()I :\

‘llIc illlxy)lmx: uchicvcd is X.? ns wide (24 {IcR) by (t ‘:; I;W
alp/p, l;l~mc (~shows the rrsull (~1lrit~’itlg ii N) tls by (+{ 1111/1~
Ixwm Ihrough Ihc limo ‘1’111’Ltolll’ilVl* dislt)llit~tl itllr(nlulvll ill
III(J first pwl 01 III(* Iituw is lilr}~[’ly Iilkct) 1)111l;IICt WIICII III(’

hutll’11 is f(~lill~’(1 wilh IIW {}IIICI side Ul~[ I 1.



(a)
start part 1

(c)

I End part 2 I
Phsso at Plon ProductIon Tsrgot

Figure 5. Part 1 of the acceptance optimimtion begins
with uniform rf phases and expands a rectangular

acceptance. area in cncrg) , (a) to (b). Part 2 expands the
arm in phase, (b) IO (c), I:ach plot atwvc is 72 dcg wide
by 100 McV IAII, with the 380 McV design slnrting
energy at lhc doltcd Iinc.

The vurialion of the tmnsvcrsc bciln~ size through ihc Iimtc
is shown in Figure 7, iind stays below the 6.5 cm aperture
radius.

OTI 11’if?CA!HX

Wc bavc found that for accclcrn(ion from 380 [n fii) McV,

wc ob[uin 62% of’ lbc bcnm flux obmincd nt 920 McV; nnd
thnt for 3801082 I McV, wc obtrrin 80%, f:urt hcr studies for
other cxil cncrgics iWC in progress.

A ~ilvily Slliil)c with II surlncc I() nccclcrntin~ flckl rtiiiu of

2,03 nnd n cell-[o-cell coupling of 2,65% lms trccn sclccId,
An occqiImwc o;~llmi ?[ilion proccdurc hus Icd to u rclcrcnc’c’

dcsi}!tl for n 3N() 10920 McV Iinm!. ‘I”hc lin;lc uses 40 srYcn -

CUII lW.5-Mll~ cllvilics, nml will ncccpI n bcnm wiIb 72S n

1))111-lllril(lUIlll(MtIliIli J(’d l?lllillllIICC ill bolll trmnsvcrsc ~)lillll’S,

Iltld with II 80 ps Iimc widlh nml ()% lull width alp/p in Ihc
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I:ig. 6. Longi~udinal cvolutirm of IIIC bul,ch,
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“ ‘Wty Number

I:iguro 7, Mnximum wnnsvcrno Iwam sire,

Iongihdinnl plnnc, To rcn! izc this ncccptuncc, Ibc injtwion
bcnm Iinc should IX CllpilblC Of Irnnspnrting il l)CiUlt with 6,()%
full width {ip/p,

A qundrupolc doublcl is used nftcr every 5111tvwily, 01 lhc
pions cnlcring IIIC lit}itC, 11 .6% survive III [hc exit I’m ii pc;lk

uccclcrulillg gril(licn[ 1X)1’= 12.40 McV/In.
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